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ABSTRACT

A cross-sectional study of enteric disorders, prescription antibiotic use, and the effect of antibiotic
growth promoters on UK broiler farms.
Laura A. Hughes

Enteric disorders are known to have a large impact on the health, welfare and profitability of UK broiler
flocks. Until recently, enteric disorders have been minimized largely by the administration of in-feed
antibiotic growth promoters (AGPs). However, concerns that the use of AGPs in food animals could lead to
the emergence of drug-resistant bacterial strains of human importance resulted in several bans restricting the
use of most AGPs within the EU. In support of a voluntary ban on the use of all AGPs, by April 2000 the
majority of UK broiler producers had stopped using AGPs. During 2002, when the voluntary ban was still in
place, Hermans & Morgan (2005) carried out a questionnaire based cross-sectional study to identify risk
factors for the occurrence of enteric disorders (necrotic enteritis (NE), wet litter, and coccidiosis) in UK broiler
flocks. In early 2003, AGPs were once again made available for use and a number of farms involved in the
study re-introduced them into broiler feed providing the opportunity to repeat the cross-sectional survey and
collect data on many aspects of broiler farming before and after AGPs were re-introduced. This thesis presents
the findings of the second cross-sectional study. The main objectives of this study were twofold. Firstly to
determine the prevalence, and identify risk factors for NE and wet litter in UK broiler flocks, and to determine
the effect that AGP re-introduction had on their prevalence. Secondly, to determine the effect that AGP re-
introduction had on the usage of prescription antibiotics in UK broiler flocks, and to identify risk factors for
the use of prescription antibiotics. Univariate and multivariable analysis was used to determine risk factors for
the outcome variables i.e. the occurrence of NE, the occurrence of wet litter, the use of prescription antibiotics
to prevent disease, and the use of prescription antibiotics to treat disease.

Twelve and a half percent of farmers reported the occurrence of NE in their last harvested crop. The risk of
NE occurrence was greater for birds slaughtered at heavier weights. Longer time intervals between
disinfection of broiler houses and placing a new crop were associated with a decreased risk of NE. The
occurrence of coccidiosis and wet litter were both associated with an increased likelihood of NE outbreaks.

More than half of the farmers (50.5%) reported the occurrence of wet litter in their last reared crop. The
results of this study suggest that wet litter is a major potential threat to broiler health and welfare in the UK,
and indicate that disease may be playing an increasingly important role in its aetiology. Five variables were
identified as consistent risk factors for the occurrence of wet litter: spray disinfection and fumigation used
together (in comparison with the use of spray disinfectant alone), rearing birds of breed B, the occurrence of
coccidiosis, and the addition of whole wheat to feed. The weight at which birds were thinned showed a
negative linear association with the occurrence of wet litter. When the outcome variable was refined to
include only wet litter cases which farmers reported to be associated with a disease, the occurrence of
coccidiosis, the occurrence of infectious bronchitis virus, rearing birds of breed B, the use of oat or rice husks
as litter, the use of a water sanitizer, the use of ammonia as a disinfectant, and an increase in the number of
chickens placed were all risk factors for the occurrence of disease associated wet litter. Farms supplied by
more than one hatchery were associated with a decreased risk of disease associated wet litter.

Early in 2003, 7.6% of farms in the study re-introduced the AGP avilamycin. Results of univariate and
multivariable analyses, carried out to determine risk factors for the occurrence of NE and wet litter, revealed
no significant associations between the use of AGPs and the occurrence of either NE or wet litter. When the
data set was refined to include only farms that re-introduced AGPs, no significant differences in enteric
disorder prevalence between 2002 and 2003 were found. However, significant differences in prescription
antibiotic use between farms that did and farms that did not re-introduce AGPs in 2003 were found; a higher
percentage of farms that did not re-introduce AGPs used prescription antibiotics suggesting that as AGPs were
phased out of use in the UK, farmers substituted their use with prescription antibiotics. Several risk factors for
the use of prescription antibiotics to prevent disease were identified, which were all factors assoc iated with
management practices on farms. This, and the fact that 54.4% of the variation in the final multivariable model
was attributed to the effect of poultry company, suggests that the use of preventive antibiotics on UK broiler
farms is driven by company policy, whereas the use of antibiotics for treatment purposes remains largely in
response to disease.

This study has identified several risk factors for a number of different outcome variables. A cross-sectional
survey allows only hypotheses to be generated about causality of associations. A longitudinal study would be
the next logical step to determine true causal associations between risk factors identified by this study.
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Introduction
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Successful and profitable production of broiler chickens is achieved through
maintaining an efficient growth rate, which is heavily dependant on the
maintenance of intestinal integrity (Hayes, 2003). There are many factors that can
influence the health and efficiency of the intestinal tract of broiler chickens
including nutrition, disease, the environment, and farm management practices.
Enteric disorders, in particular, are known to have an impact on the health,
welfare, and profitability of UK broiler flocks (Hoerr, 1998). Until recently,
efficient growth was promoted, and enteric disease outbreaks were minimized
largely by the administration of in-feed antibiotics at a sub-therapeutic level,
commonly known as antibiotic growth promoters (AGPs) (Collier et al., 2003).
The antibacterial and growth-promoting properties of AGPs (Emborg et al., 2001)
undoubtedly contributed to the intensification of the broiler production industry
(Edqvist & Pedersen, 2002). Higher stocking densities, improved bird
performance, and reduced mortality rates were all made possible through the
provision of protection against diseases that would normally be exacerbated by
conditions created through intensive farming practices (Edqvist & Pedersen,

2002).

However, concerns that the frequent and large scale use of AGPs in food animals
can lead to the selection of drug-resistant bacterial strains of human importance
have resulted in restrictions in the use of the majority of these substances within
the EU. In the UK, two antibiotics remain licensed for use as growth-promoters,
avilamycin and flavomycin. Despite this, by April 2000 the majority of UK

broiler producers had stopped using AGPs in support of a voluntary ban on the
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use of all AGPs, thought to be as a result of retail and consumer pressure (Hayes,

2003).

The threat of increasing disease problems and consequent increases in the use of
prescription antibiotics were of great concern to the broiler industry in other
countries in Europe where AGP bans were implemented. In response, a number
of studies were carried out to assess the influence of the withdrawal of AGPs on
enteric disorders and broiler performance (Emborg et al., 2001; Petersen, 2002;
Grave et al., 2004). As far as we know, no formal investigations have been
carried out in the UK to assess the impact of AGPs on the prevalence of enteric

disease or the use of prescription antibiotics in the broiler industry.

In 2002, when the voluntary AGP ban was still in place, Hermans & Morgan
(2005) carried out an epidemiological questionnaire based cross-sectional study to
identify risk factors for the occurrence of necrotic enteritis in UK broiler flocks.
During the preparation for their study, it became apparent that in addition to NE,
wet litter was conceived to be a considerable disease problem in UK broiler
flocks. Hence the scope of the study was broadened to encompass other enteric
disorders. In early 2003, a number of UK broiler farms involved in this study re-
introduced AGPs when they were once again made available for use. Realising
the unique opportunity this provided to compare the prevalence of enteric
disorders, and prescription antibiotic use on UK broiler farms before and after
AGPs were re-introduced, the sponsors of the study requested that the

questionnaire-based, cross-sectional survey of UK broiler farms was repeated.
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This thesis presents the findings of the second cross-sectional study, and is

divided into three main sections:

(i)

(iii)

The determination of the prevalence, and identification of risk factors
for the occurrence of NE and wet litter in UK broiler flocks is the

focus of Chapters 2 and 3 respectively.

AGPs are well known to be effective against enteric disorders,

especially NE (Collier et al., 2003). The effect of AGP re-introduction

on enteric disorder prevalence and prescription antibiotic use is

investigated in the first part of Chapter 4 by testing the following

hypotheses:

a. The re-introduction of AGPs will result in a decreased prevalence
of enteric disorders in particular NE and wet litter;

b. The re-introduction of AGPs will result in a decreased use of
prescription antibiotics in response to the hypothesized decrease in

enteric disorder prevalence.

The determination of risk factors for the use of prescription antibiotics

both preventively and therapeutically is the focus of the second part of

Chapter 4.
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CHAPTER 2

The epidemiology of necrotic enteritis (NE) in UK broiler

flocks.
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1. Introduction

1.1 Review of the literature

Necrotic enteritis (NE) is an enteric disease of poultry capable of causing major
health problems and economic loss in the broiler industry worldwide (Long, 1973;
Lovland & Kaldhusdal, 2001). NE was first described in England by Parish
(1961a), although much earlier Bennetts (1930) reported a similar condition ina
black Orpington pullet. Since the initial description of the disease, outbreaks of
NE have been reported from most areas of the world (Ficken & Wages, 1997)
including Africa (Dosoky, 1990), Australia (Gardiner, 1967; Nairn & Bamford,
1967), Bangladesh (Dewan & Das, 1989), Brazil (Baldassi ef al., 1995), Canada
(Long, 1973), Europe (Merch, 1973), India (Kwatra & Chaudhury, 1976;
Chakraborty et al., 1984), Taiwan (Tsai & Tung, 1981), and North America

(Helmboldt & Bryant, 1971).

1.1.1 Case definition

The clinical signs, gross pathology, and histopathology associated with NE in
chickens are described in detail by many authors (Parish, 1961a; Nairn &
Bamford, 1967; Helmboldt & Bryant, 1971; Long, 1973; Al-Sheikhly & Truscott,
1977a; Frame & Bickford, 1985; Shane ef al., 1985; Broussard ef al., 1986;
Fukata ef al., 1988; Baldassi et al., 1995). However a case definition for NE has

never been produced.

Through systematically reviewing case reports and case series that describe

naturally occurring outbreaks of NE in any type of domestic chicken (Gallus
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gallus), Hermans and Morgan (submitted for publication) have developed a case
definition encompassing the clinical, gross-, and histo-pathological signs of NE
most commonly reported in the literature and thus most characteristic of the

disease.

The case definition is as follows:

‘ Necrotic enteritis of chickens is a disease characterized clinically by depression,
loss of appetite and a sudden increase in mortality, pathologically by distended
intestines and a pseudomembrane covering the intestinal mucosa of the
duodenum, jejunum and ileum and histo-pathologically by a fibrino-necrotic

enteritis and the presence of basophilic rod-like bacteria.’

1.1.2 Epidemiology

Naturally occurring outbreaks of NE are reported most commonly in floor-reared
broiler chickens (Gardiner, 1967; Nairn & Bamford, 1967; Helmboldt & Bryant,
1971; Long, 1973; Tsai & Tung, 1981). Outbreaks in broilers have been reported
in birds from as young as two weeks to as old as six months of age, although
outbreaks occur most commonly from two to five weeks of age (Ficken & Wages,
1997). Accumulated flock mortality resulting from NE in broiler chickens has
been reported to range from non-significant to 40 percent (Heier ef al., 2001),
however daily mortality rarely exceeds 1 percent, an outbreak typically lasting for

a duration of one week (Helmboldt & Bryant, 1971).
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NE outbreaks have been recorded less frequently in floor-reared commercial
layers (Chakraborty et al., 1984) from three to six months of age (Ficken &
Wages, 1997). Broussard e al. (1986) reported NE in a flock of 12-week old,
cage-reared commercial layer pullets, and Frame and Bickford (1985) reported an
outbreak of NE and coccidiosis in a flock of 16-week old layer replacement
pullets. Other commercially reared birds that have experienced outbreaks of NE
include turkeys (Gazdzinski & Julian, 1992), turkey poults (Eleazer & Harrell,

1976), and domestic breeder ducks (Leibovitz, 1973).

Outbreaks of NE have also occurred in avian wildlife species including Canada,
Ross’s, snow, and white-fronted geese (Wobeser & Rainnie, 1987), ruddy
shelduck (Chakraborty et al.. 1983), mute and whooper swans (MacDonald et al.,

1987).

1.1.3 Aetiology

Despite a large number of detailed reports and studies on necrotic enteritis in
broilers, the aetiology and pathogenesis of NE remain to be fully understood.
Clostridium perfringens, Gram-positive bacilli, are commonly associated with
outbreaks of NE and are often isolated in large numbers from intestinal lesions
typical of NE (Parish, 1961a; Kaldhusdal et al., 1995; Ficken & Wages, 1997). In
the first case report of necrotic enteritis, Clostridium perfringens, was isolated
from clinical cases (Parish, 1961a), however attempts to reproduce the disease
using broth cultures of this agent were unsuccessful (Parish, 1961c¢). Similarly,
Al-Sheikhly and Truscott (1977a) found that when C. perfringens cells alone were

administered to 4 to 7 week old birds, extensive lesions typical of NE were not
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observed however when bacteria-free alpha toxin produced by C. perfringens was
administered to birds directly into the duodenum, evidence of gross necrotic
lesions was observed in the intestine after only one hour. It seems that infection
with C. perfringens alone is probably insufficient to cause an outbreak of NE. In
support of this argument, it is known that C. perfringens does occur in low
numbers as a component of the normal intestinal flora of chickens indicating that

its presence does not automatically lead to NE (Barnes ef al., 1972).

It is fairly common to read statements in the literature such as ‘Clostridium
perfringens is the causative agent of necrotic enteritis’, however when the
literature is reviewed it becomes apparent that C. perfringens is one of many
factors involved in the complex aetiology of NE. Several factors have been
described in the literature that are thought to pre-dispose birds to outbreaks of NE

including:

(1) Clostridium perfringens and its toxins.
(ii) Intestinal flora (Fukata et al., 1988).
(iii) ~ Damage to the intestinal mucosa (Baba et al., 1997).

(iv) Diet (Riddell & Kong, 1992).

1.1.4 Clostridium perfringens
There are five types of C. perfringens, A to E, which are classified depending on
their ability to produce any of the four major lethal toxins; alpha, beta, epsilon,

and iota (Niilo, 1980). It has been shown that C. perfringens type A (Cowen ef




al.. 1987; Fukata et al., 1988) and C (Parish, 1961c¢; Shane ef al., 1985) can be

used to experimentally induce clinical outbreaks of NE in chickens.

Specifically, it is the toxins produced by the bacteria that lead to the characteristic

intestinal lesions associated with NE as was demonstrated by Al-Sheikhly and
Truscott (1977a) who experimentally induced NE in 4-week-old broilers using
bacteria-free crude toxins of C. perfringens. In another study, Al-Sheikhly and
Truscott (1977) demonstrated a positive correlation between the quantity of alpha
toxin administered to birds and the extent of intestinal necrosis observed, further

evidence that it is the action of the bacterial toxins that results in disease.

C. perfringens type A predominantly produces alpha toxin, a biologically active
enzyme, phospholipase-C (lecithinase-C) (Niilo, 1980). This enzyme destroys
cells of the intestinal mucosa by hydrolysing lecithin, a constituent of cell
membranes, into phosphorylcholine and a diglyceride resulting in cell lysis and
necrosis (Niilo, 1980). Beta toxin is the major toxin produced by C. perfringens

type C (Niilo, 1980).

A number of studies that induced NE experimentally using C. perfringens found
that it was possible to do so only after manipulation of the birds in some way
before they were exposed to the bacteria. In an attempt to induce an outbreak of
NE, Parish (1961c) dosed five birds with a broth culture of C. welchii (C.
perfringens). However, all of the birds remained healthy and showed no ill
effects. In a second attempt, repeated doses of C. perfringens were administered

to eight birds over a week. Again, birds remained healthy. Only when Parish




administered a mixture of mineral salts, and opium for seven days to disturb
normal intestinal function did the administration of a broth culture of C.
perfringens result in acute clinical NE. Similarly, when Al-Sheikhly and Truscott
(1977) attempted to experimentally induce NE using C. perfringens cells alone
without preformed bacterial toxins, extensive lesions typical of NE were not
observed. When a combination of C. perfringens and active toxins were
administered to birds, lesions typical of NE were produced. In explanation, Al-
Sheikhly and Truscott suggested that slight intestinal damage was necessary for C.
perfringens cells to become established in the intestine before beginning the
production of cell destroying toxins. C. perfringens is an important factor in the
aetiology of NE however, it is not the only factor as the following sections will

make clear.

1.1.5 Intestinal flora

A study by Fukata er al (1988) that involved the administration of C. perfringens
and its toxins to both conventional chickens, and germ-free birds, demonstrated
the protective effect of intestinal micro-flora against the pathogenic effect of C.
perfringens. After inoculation with broth cultures of C. perfringens, germ-free
chickens developed acute clinical NE and died. In comparison, conventional
chickens exposed to the same treatment remained healthy and did not develop NE.
Intestinal micro-flora has also been shown to be linked to the stimulation of
lymphoid tissue (Hoerr, 1998). Intestine-associated lymphoid tissue develops as
the intestine grows in young chickens. It has been shown that this lymphoid

tissue appears less frequently in germ-free birds, and also birds fed antibiotics,




indirectly proving the importance of intestinal flora on the development of a

healthy immune system.

The practice of dosing young chicks with cultures of caecal material from healthy
adult birds is known as ‘competitive exclusion’ (Kaldhusdal et al., 2001). Itis
based on the principle discussed above, that the presence of a natural balance of
micro-flora in the intestine of chickens confers some protection against the
establishment and over-proliferation of C. perfringens. It was shown by Elwinger
et al (1992) that the administration of competitive exclusion (CE) products to day-
old broiler chickens was associated with a reduced incidence of NE in comparison
to a control group, and reduced numbers of C. perfringens in the caeca of treated
birds. Similar results were obtained from a study carried out by Kaldhusdal er al
(2001) in which a CE product was administered to a group of day-old broiler
chickens that were compared to a control group that were raised under identical
conditions but were not treated with a CE product. The findings of studies such as
described above indicate that a change in the natural balance of the intestinal

micro-flora may pre-dispose birds to outbreaks of NE.

1.1.6 Damage of the intestinal mucosa

It is specifically the toxins produced by C. perfringens type A and type C that
result in the intestinal lesions associated with NE (Al-Sheikhly & Truscott,
1977a). However, toxins are produced only during active growth of the bacteria
(Niilo, 1980). Hence, bacteria must become established in the intestinal tract
before they can proliferate and produce toxins. As discussed above, the normal

intestinal micro-flora of the intestine can, to a large extent, prevent the




establishment and proliferation of C. perfringens in the intestine, and
consequently, it occurs in low numbers in the intestines of healthy chickens
without causing disease (Barnes et al., 1972). The opportunity arises for bacterial
establishment when the intestinal mucosa is damaged (Ficken & Wages, 1997).
Two commonly reported causes of intestinal damage are through the ingestion of

rough litter, and through coccidial infection (Al-Sheikhly & Truscott, 1977).

Many studies have reported the occurrence of intestinal coccidiosis in association
with NE (Helmboldt & Bryant, 1971; Long et al., 1974; Frame & Bickford, 1985;
Broussard et al., 1986). Al-Sheikhly and Al-Saieg (1980) compared necrotic
lesions of birds that had been infected with C. perfringens alone, with birds that
had been infected with C. perfringens plus coccidia. Prior infection of birds with
coccidia resulted in more extensive necrotic lesions compared to those observed
in birds infected with C. perfringens alone. Similar results were obtained from

studies carried out by Shane e al (1985), and Baba er al (1997).

Baba et al (1992) experimentally infected both germ-free and conventional
chickens with Eimeria tenella followed by C. perfringens. At necropsy, it was
found that the number of C. perfringens adhering to E. tenella-infected caeca was
significantly greater than that of uninfected caeca in both conventional and germ-

free chickens.

In conclusion, evidence suggests that damage to the intestinal mucosa, in
particular by coccidia, provides a mechanism for the establishment of C.

perfringens, pre-disposing birds to clinical outbreaks of NE.

26

































































































































































































































































































































































































































































































































































































